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INSTRUMENT REFERENCE FLIGHT DISPLAY SYSTEM FOR HORIZON 
REPRESENTATION OF DIRECTION TO NEXT WAYPOINT 

CROSS REFERENCE TO RELATED APPLICATION 
[0001] This application claims the benefit of provisional application no. 
60/239,721, dated October 1 1, 2000. 

BACKGROUND OF THE INVENTION 
[0002] During visual reference flight (VMC), aircraft pilots often use 

landmarks (e.g., a mountain peak) on the horizon to help guide them to a destination. Such 
visual landmarks provide situation awareness. FIG. 1 and FIG. 2 schematically illustrate a 
pilot 10 viewing a landmark 12 through an aircraft windshield 14 during VMC. As known to 
those skilled in the art, pilot 10 has a field-of-view 16 defined by windshield 14. Landmark 
12 is illustratively shown as a city located at the horizon 18 of ground 20 as viewed from 
pilot 10. In FIG. 2, earth's ground 20 is shown illustratively as grid lines 22 to provide a 
perspective view that a distant ground object (e.g., a ground square 24) is smaller than a 
closer ground object of the same size (e.g., a ground square 26). 

[0003] When flying under instrument reference flight (IMC), these landmarks 

are no longer available. Pilots instead typically divide their attention between separate 
devices that provide the primary flight display or attitude indication and flight navigation 
data. Pilots do not therefore have clear situational awareness of the direction to the next 
waypoint on their primary flight display or attitude indicator. Viewing the separate devices 
also makes safe monitoring of each flight function difficult. Moreover, the information from 
these devices or displays does not visually simulate the horizon views normally seen by the 
pilot during VMC, providing further physiological disconnect between instrument and visual 
reference flight. FIG. 3 shows a representative prior art aircraft instrument panel 30 with 
multiple displays and devices, including attitude indicators 32 and navigation display 34. As 
illustrated, devices 32, 34 do not provide information conforming to what pilot 10 sees during 
VMC of FIG. 1 and FIG. 2; for example, the horizon is shown as a single line 36 on 
navigation display 34. 
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SUMMARY OF THE INVENTION 

[0004] The following patents provide useful background for the invention and are 
accordingly incorporated herein by reference: U.S. Patent No. 5,072,218, U.S. Patent No. 
4,439,755 and U.S. Patent No. 4,368,517. 

[0005] The invention of one aspect provides a primary flight display 

instrument in which a symbol - such as a small star or triangle - indicates the bearing to the 
current waypoint in the flight navigation plan. In another aspect, the invention provides a 
display with a bearing indication symbol showing a follow-on waypoint in the flight plan. In 
the preferred aspect of the invention, one symbol is located on the horizon line of the primary 
flight display (or the attitude indicator) providing bearing to the current waypoint in the flight 
plan and/or to the following waypoint. One advantage of the invention is that the pilot may 
navigate with the symbol to get to the current or following waypoint. Placing the symbol on 
the horizon line provides the pilot with a waypoint indication that replicates waypoint 
visualization under VMC, and simplifies cockpit scan management. 

[0006] In still another aspect of the invention, a lateral current waypoint cue is 

provided with the display to replicate an element common to visual flight. Like above, this 
aspect increases situational awareness and contributes to visual momentum within the 
cockpit. 

[0007] In yet another aspect, the invention provides display elements 

simulating VMC distances and waypoints. Preferably, the simulation generates a perspective 
view of ground, and landmarks on that ground, so as to make similarly sized objects appear 
smaller on the horizon as compared to objects nearer to the aircraft. The simulated objects 
preferably include landmarks such as airstrips, key mountains and/or cities. 

[0008] In one preferred aspect, the invention provides a method for enhancing 

IMC flight aboard an aircraft, including the steps of: collecting at least one of navigation and 
attitude data from the aircraft; generating an IMC display as a function of the data to show a 
perspective view of earth ground and horizon that are substantially conformal with a VMC 
view from the aircraft; and generating at least one of a current or next waypoint symbol on 
the display. 

[0009] In another aspect, the step of generating at least one of a current or 

next waypoint includes the step of generating a first symbol (e.g., an inverted triangle) at the 
horizon, typically towards the center of the display, to indicate the current waypoint. 
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[0010] The step of generating at least one of a current or next waypoint may 

also include the step of generating a second symbol (e.g., another inverted triangle) at the 
horizon to indicate the next current waypoint. 

[001 1] In yet another aspect, the method may include selecting a desired 

current waypoint, and altering the perspective view to match the selected waypoint. The step 
of selecting may for example be accomplished by electronically moving the symbol on the 
display; alternatively, navigation settings aboard the aircraft may be altered to select the 
current waypoint. 

[0012] In still another aspect, one or more situation awareness symbols are 

generated on the display. Illustrative situation awareness symbols may include: a symbol 
reflecting aircraft speed; a symbol reflecting aircraft altitude; an attitude symbol reflecting 
aircraft pitch; a compass symbol reflecting heading; and one or more landmarks. Preferably, 
symbols like landmarks are conformal with the ground perspective view, to enhance situation 
awareness. 

[0013] The invention also provides display system for IMC. An information 

collation unit acquires data from navigation instruments and from attitude and air data 
instruments of an aircraft. An image processing unit generates an IMC display as a function 
of the data to show a perspective view of earth ground and horizon that are substantially 
conformal with a VMC view from the aircraft. The image processing unit also generates one 
or both of a current or next waypoint symbol on the display, also as a function of the data. 
Preferably, the current waypoint is showed centrally located on the display and near-to or 
partially overlaying a center portion of the horizon indication. Preferably, the next waypoint 
is located on the display and located left or right of the center area, so as to indicate a change 
of heading required to navigate to the next waypoint. Alternative waypoint symbol locations 
may be used within the scope of the invention. 

[0014] In one aspect, the information collation unit acquires aircraft speed and 

altitude from the air data and attitude instruments of the aircraft. In a related aspect, the 
information collation unit acquires information including direction to next waypoint and last 
waypoint direction from the navigation instruments of the aircraft. 

[0015] These and other aspects and advantages of the invention are evident in 

the description that follows and in the accompanying drawings. 
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BRIEF DESCRIPTION OF THE FIGURES 

[0016] FIG. 1 is a cross-sectional side view of a pilot viewing landmarks and earth 
ground through a cockpit window; 

[0017] FIG. 2 is a top view of the pilot, landmarks and ground of FIG. 1 ; 

[0018] FIG. 3 illustrates prior art attitude devices and navigation display; 

[0019] FIG. 4 shows a system for generating a display suitable for IMC in accord 
with the teachings of the invention; 

[0020] FIG. 5 shows one representative display of the invention illustrating a 
current waypoint and a next waypoint integrated with a display horizon relative to a ground 
pattern conforming to a pilot's visual perspective within the aircraft; and 

[0021] FIG. 6 shows an alternative display of the invention illustrating a current 
waypoint and a next waypoint integrated with a display horizon relative to a ground pattern 
conforming to a pilot's visual perspective within the aircraft. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

[0022] FIG. 4 shows a system 50 constructed according to the invention; 

system 50 may reside within an aircraft to generate a flight display 52 for a pilot and to assist 
that pilot in IMC. An aircraft information collation unit 54 connects to aircraft navigation 
unit 56 and aircraft attitude and air data unit 58 so as to collate relevant information that may 
be used to generate display 52. Those skilled in the art should appreciate that units 56, 58 
may represent one or more existing aircraft electronic devices or instruments that provide 
navigation, attitude and air data information; collation unit 54 connects with units 56, 58 
through one or more data buses 60. 

[0023] In illustrative operation, navigation unit 56 delivers the following data 

to collation unit 54 over buses 60: the direction to next waypoint over data bus 60A; the 
information about last waypoint over data bus 60B; and a left/right deviation over data bus 
60C. Similarly, in illustrative operation, attitude and air data unit 58 delivers the following 
data to collation unit 54 over buses 60: distance and bearing information over data bus 60D; 
speed and altitude information over data bus 60E; and latitude/longitude information over 
data bus 60E. 

[0024] Information collation unit 54 connects to, and communicates with, 

image processing unit 60 via data bus 62. Image processing unit 60 includes a graphics 
engine 64, software depiction interface 66, navigation engine 68, and image drive processor 
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70. Image processing unit 60 serves to process information collated at aircraft information 
collation unit 54 to generate display 52. Accordingly, navigation engine 68 processes 
navigation and/or attitude data to provide a format suitable for graphical use in display 52. 
Software depiction interface 66 provides for user adjustments and inputs to data within 
display 52, so that the pilot may select desired detail within display 52; a pilot may for 
example select desired waypoint symbols and/or add or delete displayed symbology by inputs 
to bus 67 so as to direct the aircraft. Graphics engine 64 provides the primary image 
processing capability of processing unit 60, converting data to graphic form in a manner 
consistent with perspective viewing and user selections. Image driver processor 70 transmits 
graphics information to flight monitor 72, along bus 74, to drive display 52 as shown. 

[0025] Those skilled in the art should appreciate that the architecture design of 

system 50 is a matter of design choice and that alternative configurations may exist without 
departing from the scope of the invention. By way of example, navigation unit 56 and/or 
attitude and air data unit 58 may provide additional, different or less information to collation 
unit 54 as compared to the data illustratively shown on data buses 60. In another example, 
image processing unit 60 may be integral with aircraft information collation unit 54; it may 
also be constructed by software modules to drive display 52 as an alternative to one or more 
of units 64, 66, 68 and 70. 

[0026] Display 52 is shown in more detail in FIG. 5. In the preferred 

embodiment of the invention, much of the symbology of display 52 is conformal and located 
on or near the display's simulated horizon line 80; during IMC, therefore, the pilot would fly 
to a symbol in a manner that is similar to VFR flight. By way of example, a symbol 82 
indicates the current track heading; a symbol 84 indicates the next waypoint heading. Earth's 
ground is preferably displayed as arrays of contiguous squares 85 providing perspective of 
ground distance, similar to ground 20 and grid lines 22, FIG. 2, and substantially conformal 
with what the pilot would see with VMC. In one preferred embodiment, the pilot controls 
location of symbol 82 on display 52 (e.g., through interface with software depiction interface 
66 and bus 67, FIG. 4); the aircraft then navigates to waypoint 82. In another embodiment, 
symbol 82 indicates the correct heading bearing, and the pilot selects a different heading 
(e.g., through navigation instruments) to keep symbol 82 in the same relative position on 
display 52, similar to VMC flight; the aircraft then navigates to waypoint 82. In no-wind 
conditions, operation of the track bearing and heading bearing for the current waypoint are 
preferably identical. 
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[0027] In other embodiments, display 52 is varied to account for horizon 

displays that are track adjusted or are represented in True North, such as for over-flights of 
the North Pole. Display 52 preferably includes other symbology, such as compass heading 
symbols 90, pitch heading deviation symbols 92 and attitude indicators 94, as shown. To 
enhance situation awareness, landmarks such as an airstrip 98 are preferably depicted on 
ground 85 in a perspective and conformal view. 

[0028] FIG. 6 shows an alternative display 52', with like items having like 

numbering as in FIG. 5. 

[0029] The invention thus attains the objects set forth above, among those 

apparent from the preceding description. Since certain changes may be made in the above 
methods and systems without departing from the scope of the invention, it is intended that all 
matter contained in the above description or shown in the accompanying drawing be 
interpreted as illustrative and not in a limiting sense. It is also to be understood that the 
following claims are to cover all generic and specific features of the invention described 
herein, and all statements of the scope of the invention which, as a matter of language, might 
be said to fall there between. 
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